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INTERIM REPORT CONTRACT Now.628(00)

September 30, 1952

1. Condutivity of thorium oxide crystals in various atmospheres.

Investigation of the olootrisal eonduotivity of crystalline thorla

In different games at atmospheric pressure has boon made. Optically

.clear speoimens of fused thoria were out into rectangular slabs of

approximately 5 mm length. Two faces of these orystals were platinum

soated by evaporation in vasuo. 2te speoimens were pressed between

platinum plates by springs and heated In a furnae. Temperature

readings were taken with a Pt-Pt/10 Rh thermocouple spotwelded on

one of the platinum .,12atos. Ilhe experimental. arrangement Is shown

in 'iguro 1. To makc sure that no resistance due to possible

thoris-platinum interfaoos obsoured the measurements, a large

specimen, eylindrical. in shape, was made. This was fitted with

potentlal probes. It was seen that oonduotivity values determined

by volt-mmper* moasuzsemnts acroas the ends were identical with

those obtained by measuring the probe potentials.

In general, the values of eondutlvlty obtained when the

crystal -was heated In a hydrogen atmosphere followed the usual

tmpopature dependence for a seml-oonduator; Cr Aezp(-V/kT). 2ho

value of oV obtained froz the data of Fig. 2 is 1.2 . For two

other speolmens, values of 1,15 and 1.28 were obtained.

Se conduetivity In oxygen was notoesably higher, as shown

In Pigurs, 2. Unlike the values obtained In hydrogen$, the values

obtained In oxygen at low temporature do not appear to be highly
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reproducible. If thE crystal is in oxygent and the temperature

I lowered from 1100 to (for example) 7000 C, the conduotivity

at the latter temperature will be seen to decrease with time.

The data obtained at the hil-her temperatures in oxygen are repro-

ducible and give a value of eV - 0.74.

The, measuromentes have all been obtained with the use of

the circuit of Figur, 1. Current was allowed to flow through the

spsomen only long .iough for the voltage across the capacitor

to come to equilibrium. This equilibrium voltage, being proportional

to the current and the value of the resistor R1 , gives a measure

of current which can be read on the oleetrometer meter after the

measurement is actullay made. 'his is essentially a pulsed method

of measurement, and the total charge passed through the crystal

for each observation Is very small. hoese precautions are necessary

sine*, if current Is drawn continuously the oonductivIty of the

specimen may be drastically altered.

2. Effect of passago of ourrent on conduotivitr and oolour.

Figure 3 shows the type of change which occurs when a crystal,

heated to 6750 r in oxygon, passes current continuously. 2he

value of conductivity at zero time is an equilibrun value obtained

by pulse mas-trement., The current passed by the crystal with a

fixed voltage appliel is seen to inceaso with time of current

drawln, to a new equIllbrium value. When the applied voltage is

removed, the conductly.ity decays to its original value, the

points along. the decay curive (not shown) being ebtained by pulse

mesuremonts. Curve I of this figure shows an even larger ratio
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of ehange at 80°.

When current 13 passed continuously through a thoria crystal

heated In hydrogen, very little conductivity change occurs. If

the atmosphere is chunged froin hydrogen to helium, a conductivity

Increase of two orders of magnitude occurs at 680 ° when eurrent Is

passed continuously. Weis Is shown in the l tter part of Pigure 4.

In past reporta it has been noted that the conductivity

ohange and color obags occur simultaneously when the atmosphere

In which the thoria Grystal Is being heated Is changed from

oxygen to hydrogen. W1is type of change has now been studied more

extensively and the :?esults are shown in part In Figure 4, It Is

Important to note th) method whereby the colour was ascertained

at a particular stags of the experiment. ?he conductivity measure"

mente are made, of e urso, with the crystal at the temperature noted

on the curve, and ths desired gas flowing around It. If the colour

Is to be aseortalned, the crystal on Its supporting structure Is

drawn out to a cool .Jection which extends outside the furnace.

After about one minute, the cryatal will be sool enough for Its

color to be noted, It Is then returned to the hot area and con-

duotivity measurements resumed. By colour, then, Is meant that

colour which Is obsewved when the crystal Is cooled rather rapidly

In the atmosphere in which it has been heated.

Referring to Plgute 16 it Is seen that tho conductivity change

in helim war not aosompaniod by ctplet*e bleahling from the

oil'21 nal red color witaih wan present In oxy ; t. %bis observation

wirz not soncluaJ.lo a ae it :.3 obvious itiom the figure that the



oonduotivity change had not gone to completion, On admitting

hydrogen, simultaneoAs rapid bleaching nd drop of conductivity

were observed* At the conclusion of this process, the atmosphere

was again changed bak to helium with no effect on the conductivity

(observed by the pulsed method) or on the color. Now the large

conductivity change lue to current drawing in hellim (as previously

described) was produed, and this was found to be accompanied by

a return to the orIginal red coloration. the rapidity of this

change Is strongly dspendent upon the current density.

It has been stited that if the crystal was hold in hydrogen,

snek the conductivity measured by Infrequent short pulses, no

corduetivity of colour changes oocurred, the crystal being bleached

one the conductivity low. If current was passed continuously when

tht thorlun crystal was heated in hydrogen, a blackening of the

crystal took place, appearing first at the cathode end of the

crystal and spreading out toward the anode, so that finally the

whole crystal was black. ftie blackening progressed at the rat*

of about 3 =a for eah coulomb passed through the crystal. If

the current was rever'sed after the crystal was blackened part

way across, the firs blackened area would appear to reoedo toward

the now anode, while a new area of blackness would appear at the

new cathode. Thus i t is supposed that the blackening Is associated

with the migration o2t positive carriers, either metal Ions or

oxygen vacancies. Tic blackening produced could not be bleached

ou,, by heating the oeystal in either vacuum of inert gas or hydro-

gor . It could be partly removel by heating the cpi'stal In oxygen,

butt ovem this treatmarit would not restore the speoimen to its



original optical clarity; cloudiness and Irregular dark areas

would still be present.

3. Solubility of hydro en In thorlum oxide orystal-.

In the preceding report (May 31, 1952) experiments wore

desoribed Involving the bleaching and conductivity change or a

hentqd thorla crystal when the atmosphore around It was changed

from oxygen to hydrogen, In order to further understand the

role of hydrogen In causing the blaolng .and lowered conduativitys

it wan felt necessary to determine whether the hydrogen could

enter the thora ory3tal, in sufficient quantity to account for

the changes observed. The red coloration is assumed to be due

to the presence of excess oxygen acting as f-centers, also

produclng p-type sent-oonductor behaviour, 7he most sensitive mea-

surement available has failed to show any weight change associated

with the reddening of a crystal in oxygen, or the bleaching of

a rod crystal either In hydrogen or vaouum. The rosult aof this

work Indicate an upper limit of the amount of excess oxygen in

the noLiAborhood of 221017 atoms/oo of thora. Measurement of

the gas evolved when a crystal was bleached in vacuum Indicated

that this figure is of the correct order.

A nmaber of oxygon-roddoned crystals toballing 12 remus

In weight were bleached at a temperature of 10000 0 In hydrogen

at ono atmosphere prssawm. They were then placed in a vacuum

sysate with gas collt-tion ard analysis syutem attaahed, (This

systeu is described ,.n Reports of Contract NObsr-52592 dated

lovember 15v 195l and June 15, 1952). The cryerals were hoated
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to 1000° 0 In thi systea, and the gas evolved measured and

analysed. Susoosevi runs of this eierlment gave analyses of

80%, 120% and 9S% iLA the hydrogen ontent of the evolved gas.

The soatter, wnd the value above 100% are due to the Inherent

Inaccuracy of the sy3tem when small quaatities of gas are analysed,.

2hus we Interpret th3 results as showing that substantially 100

of the gas evolved was hydrogen.

In the first run of this experlsent, 2 mm3 of gas (80%

hydrogen analysis) were eolleoted. In a subsequent rum, made

more carefully, it was seen that the quantity q evolved up to

timee t roughly followed the form q - Q(1.-kt). the shape of the

ou-Te was not aourately fitted (perhaps due to variations of

teparature of + 300). HOwever, the asmptote seemed olearly

enough Indicated to 3mable ono to determine the total quantity.

Q with reasonable aosUraoy. The total aaoumt of gas dissolved in

the thorium oxide orjtala tton turned out to be about 5 m3(S7).

wiloh analysed about 100% hydrogen. 1he latter value was obtained

twiOe. Taking the value o. ! mm3 is most acourate, the amount a;

hydrogen dissolved In I oc of thorlu oxide under the conditoans

Initially iven lo about 2.%;3O17 atons. 1hus It Is found that

the number of hydrogen atoms which enter the crystal when It Is

blgaohed are or the same ordoer as the nmber of ezoess oxygen

atoms wihich were estimated to be present. The remarkably good

geement is undoubtedly fortuitous, as none of the meaus n~rn~e

involved pretend to this degree of acouraoy.
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FI(UR 1. Sematic Representation of Experimental Arrngient.

Th, thermocouple Is conaected to a Leeds & Northrup Type K Potent1Metero

The mechanical linkage betueen S1 and 32 Is such that both aW be closed
by pressing s ; and aft r both are closed, if the pressure Is released
S2 aust open lirst. Whan both ara closed, current starts to flow through
the crystal and the condenser starts to charge. Lfer the condenser-
resistor combination hai reached equilibrium$ the switchsI are opened,
and since S2 opens firsl, the voltage on the condenser represents the
current which was floutigo The time constant of the isolated condenser-
eluctrometer circuit is so long that he reading i be made for many
wvors after S2 is opeand. The arrangement has been worked out In
practice so that the whole c cle above described is perf med by tapping
S. momentarily, and a current reading may be obtained whilo passing only
a mall total charge thmough the crystal.
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